The problem of signature change is investigated in the context of a spontaneous symmetry breaking scenario. It is shown that, given a Higgs type scalar field potential over a manifold, one may introduce a structure including an internal vector N µ and a metric G µν which is degenerate everywhere before symmetry breaking and becomes non-degenerate, with Euclidean and Lorentzian signatures separated by a degenerate hypersurface, once the symmetry breaking begins. A this stage, one may arrange for a continuous signature change using N µ and an entropic current J µ , but after symmetry breaking the possibility for signature change is finished. A time asymmetric law is introduced to prefer the Lorentzian metric as the real metric of the world.
Introduction
The initial idea of signature change was due to Hartle, Hawking and Sakharov [1] in the context of quantum gravity. This idea makes it possible to have a manifold with Euclidean and Lorentzian regions. However, it was later been shown that signature change may happen, as well, in classical general relativity [2] . This issue has been recently raised in the Braneworld scenario, as well [3] . There are two different approaches to this problem as continuous and discontinuous. In the continuous approach, in going from Euclidean to Lorentzian region, the signature of the metric changes continuously, hence the metric becomes degenerate at the border. In the discontinuous approach, however, the metric is nondegenerate everywhere but discontinuous at the border. There is also an unsolved controversy on the subject of junction conditions imposed on the scalar field defined in such a manifold. Hayward's approach leads to vanishing the field momentum at the surface of signature change; while that of Dray et al is simply that the field and the unit normal derivative of the scalar field exist and are continuous at this surface [2] . The issue of propagation of quantum fields on signature changing space-time was also of some interest for a period of time [4] . Dray et al have shown that the phenomena of particle production can happen for propagation of scalar particles in space-times with mixed signature. They have also obtained a rule for propagation of massless scalar fields on a two dimensional space-time with signature change. Romano, has extended the work of Dray et al to the case of a massless spin 1 2 field. Gratus and Tucker have analyzed the massless wave equation on a class of two-dimensional manifold endowed with a degenerate metric and the causality structure of these manifolds. The effect of signature change on the propagation of plane waves in going from Lorentzian to Kleinian regions has been studied by Alty for both continuous and discontinuous signature change.
Most of the above works dealt with situations where the piecewise signature of the metric is defined apriori on the manifold and one looks for the effects of the assumed signature change on the Einstein equations or propagation of particles in such a manifold. However, there are some other viewpoints in which the signature change of the space-time is considered to be a dynamical phenomenon. Precacci was the first to suggest a formalism, at the level of effective action, in which the classical geometry was regarded as an interpretation of some expectation values which minimize the effective action [5] . Greensite, on the other hand, have developed this idea by assuming a dynamical phase field which interpolates between signatures [6] . It was shown that at least for the free scalar field interacting with such a dynamical phase field, the Lorentzian signature can be predicted as a ground state expectation value. Odintsev et al, had also put forward this idea to a 4+D-dimensional manifold and shown, for example, that when the radius of the compactified space is sufficiently small, a flat Lorentzian metric is preferred on R 4 × S 1 ; and when the radius becomes larger a Lorentzian signature is preferred in both D = 6 and D = 4 [7] .
In the present paper, we investigate the possibility for the dynamical generation of spacetime metric in the context of a Higgs field scenario. In section 2, we review the Blokhintsev point of view in which the existence of an absolute time-like internal vector N µ may cause the Minkowskian non-positive definite interval to change to an Euclidean positive definite one [8] , [9] . In section 3, we review a divergence theory in which one may obtain a wide class of scalar field theories by imposing different conditions on the Klein-Gordon current J µ [9] . In section 4, following Blokhintsev, we obtain a condition for continuous signature change based on the existence of N µ and J µ . In section 5, we introduce a Higgs type potential whose minima may define the signature of the metric. Before symmetry breaking, the metric is degenerate everywhere, however at the beginning of symmetry breaking it becomes non-degenerate in a piecewise way with the Euclidean and Lorentzian signatures, separated by a degenerate hypersurface. At this stage, there is a possibility for classical continuous signature change but there is no way to classically change the signature after accomplishing of the symmetry breaking. In section 6, we introduce a time asymmetric law by which the Lorentzian metric is preferred as the real metric of our space-time. The paper is ended with a conclusion.
Breakdown of Lorentz invariance by an internal vector
It is well known that an exact Lorentz invariant vacuum of the quantum field theory has, by definition, zero energy density. On the other hand, the vacuum in quantum field theory is related to the condensation of scalar fields leading to constant vacuum expectation values for these fields. The appearance of these non-zero values and the resulting mass scales contribute to the energy content of the vacuum to increase its value from zero. The resulting nonvanishing value accounts for a principle violation of Lorentz invariance. Such a violation of Lorentz invariance may have origin in the unification of gravity and quantum physics, and is expected to occur at ultrashort distance regime described by an absolute length scale, l 0 . It is obvious that the existence of this universal length scale is in sharp contrast with the universal requirement of Lorentz invariance. In fact, in the Minkowski space-time, as a framework for Lorentz invariance, there is no absolute line of demarcation between large and small scales. However, if a positive definite measure of distance is defined, then the Lorentz invariance will be broken down. In so doing, we may follow the Blokhintsev point of view by associating a time-like vector N µ (the so called internal vector) to the Minkowski space-time [8] . In this way, one may distinguish between small and large scales by taking the positive definite interval
where η µν = diag(−1, 1, 1, 1) is the Minkowski metric and N µ = (1, 0, 0, 0) is a time-like vector. Given such a positive definite metric as
it is possible to determine the absolute size of a distance by comparing R with the universal length l 0 . The most physical and conceptual interpretation of the internal vector N µ is to consider it, at each point of space-time, as characterizing the four-velocity of a preferred inertial observer 1 . In this interpretation, assigning N µ to the Minkowski vacuum singles out a preferred coordinate system in which the preferred inertial observer is at rest. Therefore, only a special group of Lorentz transformations, leaving the special form N µ = (1, 0, 0, 0) invariant, will have an intrinsic relevance. One may think of this special group, for example, as being composed of those transformations which move a physical system like x µ → x µ + a (a is a constant) without affecting the preferred rest frame, namely N µ . Then, in the framework of this special group, the internal vector N µ seems to be a universal field having the same absolute value in the vacuum. In this regard, the internal vector N µ may be considered as a characteristic feature of the vacuum in the broken phase of Lorentz invariance. We shall construct such an internal vector connected with the properties of the vacuum to define the signature change.
3
Divergence theory
We now introduce a divergence theory developed in Ref. [9] . This theory begins with the current
for which we obtain
and
where φ is a real scalar field. Combining these relations leads to
where Γ{φ} is called the dynamical mass term
It is important to note that Eq.(6) is a formal consequence of the definition (3), in the form of an identity, and is not a dynamical equation for φ. However, a large class of dynamical theories may be obtained in the form of a divergence theory by taking various currents J µ in the dynamical mass term. For example, a simple divergence theory is developed by assuming
which leads, through the field redefinition σ = ln φ, to
The dynamical mass term vanishes for this divergence theory and the field σ becomes massless. We will use the results of this section in the following discussion.
Classical signature change
Consider the degenerate metric g 0 µν = diag(0, +, +, +). Now, suppose there is an internal vector N µ = ( √ < Φ > 0 , 0, 0, 0) where < Φ > 0 is assumed to be the vacuum expectation value of a scalar field Φ. It is then easy to obtain the Euclidean metricḡ µν = diag(< Φ > 0 , +, +, +) 2 through the following relationḡ
Now, suppose this Euclidean metric emerges due to the following continuous coordinate transformation
where x µ 0 denotes the coordinates corresponding to g 0 µν and J µ = φ −1 ∂ µ φ plays the role of a vector field. Then, one may writē
orḡ
Now, comparing (10) with (13) leads to
or
By contracting Eq.(15) with the Euclidean metricḡ µν we obtain
where N µ N µ = 1 has been used. Comparing Eq.(16) with Eq. (6), written in term ofḡ µν as 3
leads to
In other words, given N µ and a vector field J µ = φ −1 ∂ µ φ such that φ satisfies Eq.(15), one may expect the continuous metric generation g 0 µν →ḡ µν due to the coordinate transformation (11) . The scalar field φ also satisfies the massive scalar field equation (16) with the dynamical mass term −J µ J µ + ǫ −1 2 in the Euclidean domain. The above discussion may apply as well for the Lorentzian metric, provided we start with the following relation
which leads to g µν = diag(− < Φ > 0 , +, +, +). If we now consider the continuous coordinate transformation
one may then obtain g µν in term of g 0 µν through the following transformation
or 
which is the same equation (14). This equation is now responsible for the continuous metric generation g 0 µν → g µν . In explicit terms, this equation is a twofold condition for the continuous metric generation from g 0 µν toḡ µν and g 0 µν to g µν corresponding to the coordinate transformations
respectively. Therefore, one may think that there is a hypersurface to which the point x µ 0 belongs, and through which the continuous signature change can happen from Lorentzian g µν to Euclideanḡ µν and vice versa, along the hypersurface orthogonal vector field J µ .
We may also contract Eq.(15) with the Lorentzian metric g µν to obtain the following equation
where N µ N µ = −1 has been used, indicating the fact that N µ is a time-like vector. Again, comparing Eq.(23) with Eq.(6) leads to
and a dynamical mass term −J µ J µ − ǫ −1 2 in the Lorentzian domain, as well. It is interesting to note that the scalar field equations (16) and (23) are scale invariant under the following scale transformations
as one may check from the following equations
Therefore, if we regard Eqs.(16) and (23) as characterizing the signature generation, one may then expect this type of classical signature change to take place at any scale above the Planck length l P . It is also worth noting that there are two different configurations on both sides of the hypersurface of signature change, namely (φ,ḡ µν ) and (φ, g µν ). Exchanging φ by φ −1 causes the vector field J µ to be exchanged by −J µ . Therefore, we obtain the following replacements
from which one may deduce the following exchangē
on both sides of the hypersurface of signature change. In other words, we have two equivalent set of configurations on both domains as
Spontaneous symmetry breaking
Consider the metric G µν = (< Φ >, +, +, +) 4 where < Φ > is assumed to be the vacuum expectation value of a dimensionless Higgs type scalar field with the following potential [11] V
where r 0 (T ) =r(T −T 0 ) depends on the temperature T , u 0 < 0 and v 0 > 0. By starting from a very high temperature T >> T 0 one finds that the potential has one minimum at < Φ >= 0 as is shown in Fig.1 . However, at some lower temperature T = T c > T 0 ( see Fig.2 ), the potential will have three minima at points where V (Φ) = 0. One of these minima is at < Φ >= 0 and the other two are at ± < Φ > 0 . In other words, at T = T c there are two phases in equilibrium with each other, one with < Φ >= 0 and the other with + < Φ > 0 ( or − < Φ > 0 ). The phase with < Φ >= 0 is stable when T ≥ T c , and metastable when T 0 < T < T c . The order parameter, namely < Φ >, is discontinuous at the transition T = T c . Therefore, we are dealing with a first order transition where two phases can coexist, one with < Φ >= 0 and the other with nonzero < Φ >. One may then find metastability so that even at T < T c the system can persist for a while in the phase with < Φ >= 0. When T = T 0 , the potential V (Φ) at < Φ >= 0 is unstable, but has two negative minima which are stable, as Fig.3 . In such case, there can never be coexistent phases at < Φ >= 0 and < Φ > = 0. Therefore, the unstable phase at < Φ >= 0 will be removed and a stable phase will have to be chosen, as physical, out of two minima at ± < Φ > 0 . This means, when T >> T 0 we have the degenerate metric G µν ≡ g 0 µν = (0, +, +, +) everywhere on the manifold, before symmetry breaking. Then, at some lower temperature T = T c > T 0 the metric G µν takes on the following forms 
corresponding to three minima of the potential where V (Φ) = 0, so that they can be in equilibrium with each other. Therefore, as is shown in the previous section, the manifold can be partitioned into two disjoint regions endowed with Euclidean and Lorentzian metrics separated by a degenerate hypersurface. If the temperature begins to decrease below T c as T 0 < T < T c the system will provisionally be metastable so that the metric G µν can persist for a certain time in coexistent phases (32). Finally, at T = T 0 the system is unstable at < Φ >= 0 and has two negative minima. This means, there is no longer a degenerate hypersurface and that the system must prefer one minimum corresponding to the physical metric.
We may now suppose that there is an internal vector
Therefore, when T >> T 0 we have N µ = (0, 0, 0, 0) all over the manifold corresponding to the absolute minimum at < Φ >= 0 before symmetry breaking. When the temperature cools down to T = T c > T 0 the vector N µ may be found in two forms namely N µ = (0, 0, 0, 0) and N µ = ( |± < Φ > 0 |, 0, 0, 0), coexisting with each other. After symmetry breaking, however, namely for T 0 < T < T c we have just N µ = ( |± < Φ > s |, 0, 0, 0) corresponding to two stable minima at ± < Φ > s ; and N µ = (0, 0, 0, 0) is removed due to the unstability of the local maximum at < Φ >= 0. This means that before symmetry breaking, when T >> T 0 , there is no a preferred time direction N µ at all, and an stable one is appeared once the symmetry breaking begins. At the beginning of symmetry breaking (T = T c ), where the three forms of the metric (32) are available over the manifold, one may use this non-vanishing N µ to obtain g µν = g 0 µν + N µ N ν , and g µν = g 0 µν − N µ N ν , leading toḡ
This type of signature change can now be considered to take place over a manifold classically, as discussed in the previous section. At lower temperature T = T 0 , there is no a stable degenerate metric ( hypersurface ) g 0 µν through which the signature can change classically according to (34).
Vanishing < Φ > before symmetry breaking, means N µ = 0 and leads Eq.(15) to
which has the free particle solution
However, since the metric is degenerate everywhere, there is no meaningful notion of the wave equation as well as the mass of the free particle φ. However, after symmetry breaking < Φ > can have nonzero values, so that the metric can be non-degenerate. On the other hand, N µ becomes nonzero. Therefore, according to Eq.(16) or (23), we have a particle with a definite wave equation and a dynamical mass term in Euclidean or Lorentzian domain. In this way, considering Eqs.(16) and (23), it seems that the mass terms for the particle φ are given after symmetry breaking by the emergence of N µ , through the non-degenerate metricsḡ µν and g µν , respectively. This way of mass generation and particle propagation is consistent with the Machian viewpoint in that "there is no meaning for the mass and motion ( propagation ) of a particle if there is no metric space". On the other hand, since the mass term is generated by N µ , one may think that the mass generation is related to the appearance of a preferred time direction.
Time asymmetric law
In the previous section we have shown that at T = T c the Euclidean and Lorentzian metrics corresponding to < Φ > s and − < Φ > s respectively, may be generated spontaneously from the everywhere-degenerate metric corresponding to < Φ >= 0. Therefore, the Euclidean and Lorentzian metrics are equal at the dynamical level as characterizing two degenerate vacuums of the potential (31). Then, the question arises as "which metric should be preferred as the physical one?" In general, it may be of interest to realize a symmetry breaking by means of boundary conditions. However, this may also be done by the emergence of a preferred arrow of time, connected with N µ , provided we focus ourselves to the Lorentzian domain. In explicit expression, we shall combine the divergence theory (3) with a time asymmetric law on the Lorentzian domain. This is formulated as the following statement [12] ∂ µ J µ > 0,
which may be interpreted as an entropic principle provided J µ = ∂ µ ln φ be an entropic current 5 . The inequality (37) is satisfied for the Lorentzian domain with ∂ µ J µ = ǫ −1 2 and not simultaneously satisfied for Euclidean domain with ∂ µ J µ = − ǫ −1 2 . Therefore, one may think that the time asymmetric law (37) breaks down the dynamical symmetry betweenḡ µν and g µν , and leads to the emergence of a preferred arrow of time connected with N µ ( or < Φ > s ) to provide the desired Lorentzian signature through the signature generation relation
In principle, the entropic current J µ has a source like N µ N µ , namely ∂ µ J µ = − NµN µ 2 ǫ −1 . Therefore, the positivity of ∂ µ J µ corresponds to the time-like behavior of N µ , and this accounts for a preferred time direction. This means that the emergence of the Lorentzian signature is due to the appearance of a preferred time direction. On the other hand, regarding the two equivalent configurations (30), one may examine that the time asymmetric law (37) singles out the first configuration
2 > 0, as the preferred physical one.
In brief, from the entropic point of view, it seems that the signature of metric can change continuously along the vector field J µ which is nothing but an entropic current. The sign of the divergence of this current characterizes which metric signature should be preferred as the real physical one. The positive sign, as in (37), indicates that the Lorentzian signature should be preferred to represent a world with increasing entropy.
If we insist, according to the common signature change scenarios, that the metric signature is changed at a space-like hypersurface t 0 from Euclidean to Lorentzian, passing from t < t 0 to t > t 0 along the direction of the hypersurface orthogonal time-like vector field J 0 , then we have the physical configuration {(φ,ḡ µν )| t=t 0 −ǫJ 0 , (φ, g µν )| t=t 0 +ǫJ 0 }. Moreover, it is realized that the scalar field depends merely on time as φ(t).
Conclusion
We have studied the issue of signature change over a manifold, in the framework of a spontaneous symmetry breaking scenario. We have introduced a structure including an internal vector and a metric, both of them depending on the vacuum expectation value of a Higgs type scalar field. It is then shown that by a suitable choice of the potential for this Higgs type particle the metric may be degenerate all over the manifold before symmetry breaking. At the symmetry breaking , however, the manifold may be partitioned into two disjoint regions, one with the Euclidean and the other with the Lorentzian signatures which are separated by a degenerate hypersurface. A condition for the classical continuous signature change from one region to the other one is obtained by introducing a vector field, established by a scalar field, which is assumed to be an entropic current. The classical signature change is accomplished along this entropic current. After symmetry breaking there is no possibility for classical signature change and necessarily one region ( Lorentzian ) is left as physical due to a time asymmetric ( entropic ) law which is imposed on the entropic current.
Before symmetry breaking the scalar field is of free particle type solution satisfying the condition for a degenerate metric but does not obey a ( massive ) wave equation which means no propagation is there before symmetry breaking. At the symmetry breaking, in both Euclidean and Lorentzian regions, the scalar field satisfies definite massive wave equations which allow for particle propagation. On the other hand, it seems the scalar field is massless before symmetry breaking and becomes massive at the beginning of symmetry breaking, in consistency with the standard property of a Higgs field, giving mass to the other particles. It is also interesting to note that the mass term and the wave equation for the scalar field is given through the metric itself, in consistency with the Machian view point in that the mass and motion of a particle may be induced by the geometry. After symmetry breaking, the particle propagation is just allowed in the Lorentzian region.
The signature change of this type is shown to take place at any scale since the condition for the signature change is scale invariant. One may then think that a real classical signature change could have happened from Euclidean to Lorentzian, at T = T c > T 0 , where the universe was so small. Then, at lower temperatures T 0 < T << T c the possibility for signature change had been finished and the space-time had taken the Lorentzian metric, forever. It seems this scenario can be generalized to an inflationary model so that the Lorentzian universe, at small scales, may emerge as a result of signature change and then experiences an inflationary phase due to the behavior of the Higgs potential.
Finally, concerning the well known controversy about the junction conditions at the hypersurface of signature change, we see in this paper that the condition for the continuous signature change to take place over the manifold is that the derivatives of the scalar field, namely J µ do not vanish at this hypersurface. This result is consistent with the viewpoint of Dray et al.
Acknowledgment
This work has been supported financially by the Research Department of Azarbaijan University of Tarbiat Moallem, Tabriz, Iran. 
Figure captions

